Reproduced 
by the 
ARMED SERVICES TECHNICAL INFORMATION AGENCY 


ARLINGTON HALL STATION 
ARLINGTON 12, VIRGINIA 


UNCLASSIFIED 


ee ae a EE TE ES DEI 1 


NOTICE: When goverment or other drawings, speci- 
fications or other data are used for any purpose 
other than in connection with a definitely related 
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FIG.7 ISOMETRIC CUTAWAY DRAWING OF MODIFIED SHELTER 
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WATER TANK 


LIST OF MATERIAL 


GENERAL NOTES FOR EARTH WORK 


i. EXCAVATION; Exoavatione shall be carried to the dimensions indicated on the drawings. Excavations 
earried below the dopth indicated shall be refilled to the proper grade with approved material 
and ecapacted to at least 90% of maximum density. (See Note 6). 


2, BELECT MATERIAL? The maximum diameter of select material (if required) shall de 3 inches yand 
not mare than 25% shall pass a No, 200 sieve. The plasticity index of the material shall 
not exceed 8 when tested in accordance vith ASTM tests designated J4O3=54 and Di s-SuT. 
Material shall te free of roots, vegetable matter,and other organic substances. 


3- BACKFILL AND GRADING: Baokfilling shall be accomplished essentially similtaneously on the nides 
and ends of the shelter, with work atarting at the bottom midpoint of the sides and progressing 
symmetrically upward in such 4 manner that fill at the midsection is always deeper than at the 
ends. Care shall be exereised in placing and compacting the backfill to prevent deformation 
of the metal arch. Deformation, if any, shall not exceed 2% of the design radius. 


4, BACKFILL! Backfill for the sides and entrance end shall be accomplished with either native or 
select backfill to a point 8-ft above the floor slab. ‘The decision ag to whather to use select 
material for this purpose wij] be based on the amount of effort and earth handling required in 

7a. \ } a order to use native soil to obtain backfill compaction as specified. Sand shall be used for 

backfill under the storage tanks as indicated (see Fig. A-17M). Backfill at the non-entrance 
end and above the S-ft level may be excavated material if it is free of rocks and clods larger 
than 3 inches in diameter, vegetable matter, and other deleterious substances, 


5. COMPACTION: All backfill material to be compacted shall be placed at optimm moisture content, 
poiature being added or removed ag required, and shali be deposited in layers not exceeding 
6 inches thick. Backfill material shall bc compacted to 90% of maximm density. Compaction 
by watering shall not be permitted. 


6. MAXIMUM DENSITY: The maxima donsity shall de determined in accordance with the testing 
Cc procedure of AASHO (American Association of State Highway Officials) designation T-99-l9, 
modified as follows: 
(a) The ramer shall veigh 10 pounds. 
(>) ‘The ranmer shall be dropped from a height of 18 inches above the sample. 


(c) ‘the samples shall b> compacted in 5 layers, each approximately 1 inch thick, 
with each layer receiving 55 blows. 


(4) ‘The mold shall be 6 inches in diameter end 7 inches high, vith a metal spacer disc 
5015/16 inches in diemeter and 2-1/2 inches high, using a false bottom in the mold 
during compaction, 


(e) ALL material retained on a 3/heinch sieve shall be removed and replaced vith 
du @qual portion of material between the No. 4 and 3/teinch sieves, 


l (ft) A separate batch of material shall be used for each compaction test specimen. 
No material shall be reused for compaction. 
7. The most satisfactory installation for a 35-psi minimum-cost shelter is as shown. 
It 4s conceivable that construction may bo required on sites where bedrock or the vater 
table is near the surface. In this event, the shelter can be placed at grade or below 
(ae site conditions permit) and then completely covered with an extensive fili. 
The earth cover over the arch is to be graded as shown on Sketch "A", Note that the 
earth mound over the portion of the arch structure that protrudes above grade must be 
shaped so that the feces of the earth mound are no steeper then 4 horizontal to 1 
vertical and so that the distance from the toe of the slope (the intersection of the 
| slope with the original grade) to the nearest point on the structure is at least four 
times the height of the mound. The shelter endwalls are to be covered in accordance 
a with Sketeh “B", 
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not more than 25% shall pass a No, 200 eljeve. The plasticity index of the material shall 
not exceed 8 when tested in accordance with ASTM teste designated Jkoz-5/7 and Dig=okT, 
Material shall be free of roets, vegetable uatter,ani other organic substances. 


3. BACKFILL §ND GRADING: Backfilling shall be accomplished essentially simultaneously on the sides 
and ends of tha shelter, with work starting at the bottom midpoint of the sides and progressing 
symmetrically upward in such a manner that f411 at the midsection is always deeper than at the 
enda.. Care_ahali be exereised in placing and compacting the backfill to prevent deformation 

"of ‘the metal arch. Deformation, if any, shall not exceed 2% of the design radius. 

4, BACKFILL: 
select backfill to a point &-ft ebove the floor slab. The decision as to vhether to use select 
material for this purpose wijlba based on the amount of effort and earth handling required in 
order to use native soil to cbtain backfill compaction as specified. Sand shall be used for 
ackfill under the storage tanke as indicated (see Figs A~17M). Backfill at the non-entrence 

- -—----------- end and. above the-S&-2t level may be excavated-material_if it-is-free-of_rocks and.clods larger 

than 3 inches in diameter, vegetable matter, and other deleterious substances. 


Backfill for the sides and entrance end shall be accomplished with either native or 


5. COMPACTION: All backfill material to be compacted shall be placed at optimum moisture content, 
poisture being added or removed as required, and shall be deposited in layers not exceeding 
6 inehes thick. Backfill material shall te compacted to 90% of maximum density, Compaction 
by watering shall not be permitted. 


6 MAXIMUM DENSITY: ‘The maximum density shall be determined in accordance with the testing 
procedure of AASHO (American Asnoaiation of State Highway Officials) designation T-99-49, 
modified as follows: 


The rammer shall weigh <0 pounds. 
The rammer shall be dropped from a height of 18 inches above the sample. 


The samples shall be compacted in 5 layers, each approximately 1 inch thick, 

with each layer receiving 55 blows. 

The mold shall be 6 inches in diameter and 7 inches high, with a metal spacer disc 
5015/16 inches in diameter and 2-1/2 inches high, using @ false bottom in the mold 
during compastion. 

All material retained on a 3/4=inch sieve shall be removed and replaced with 

an equal portion of material between the No. 4 and 3/heinch sieves. 

A separate batch of material shall be weed for each compaction test specimen. 

No material shall be reused for campaction. 


satisfactory installation for a 35-pai minimm-cost shelter is as shown, 


It is oonsedvable that construction may be required on sites where bedrock or the vater 
table is near the surface. In this event, the shelter can be placed at grade or below 


eonditions permit) and then completely covered with an extensive fill, 


The earth cover over the arch is to be graded as sham on Sketch "A". Note that the 
earth mound over the portion of the arch structure that protrudes above grade must be 
shaped so that the faces of the earth mound are no steeper than 4 horizontal to 1 


vertical 


and so that the distance fran the toe of the slope (the intersection of the 


slope with the original grade) to the nearest point on tha structure is at least four 


times the height of the mound. ‘The shelter ondwalls are to be covered in accordance 
with Skotch "B". 
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[. COWOCRETE SHALL HAVE A MINIMUM ULTIMATE 
COMPRESSIVE STRENGTH «f 2500 Pi AT 28 DAYS. 

2. ALL FOUNDATIONS SHOWN OW THIS DWG. ARE SYMBOLIC ONLY. 
FOR ACTUAL DESIGN & CONSTR. DETAILS OF THE FOUNDATION 
TO SUIT A PARTICULAR SITE. REFEIZ To FIGS. A-2-IN 4A-2-4N 

3. THE SURFACE ef THE SLAM SHALL BE FLOATED 

ay TO A SMOOTH FINICGH WITH A STEEL FLOAT, AND? 
IT SHALL NOT VARY MORE THAN |A) wueENV 
MEASURES WITH A IO-FT. TEMPLATE. 

4. LUMBER SHALL BE POUGLAS FITZ _COUSTR, GRADE 

5, CEMENT SHALL CONFORM WITH EQUIZEMENTS OF 
FEDERAL SPECIFICATIONS S66-C-192b, TYPE T. 

6 .BEINFORCING ATEEL SHALL BE INTERMEDIATE GRADE 
BILLET STEEL. CONFORMING TO FEDERAL SPECIFICATION 
QQ-$-632, TYPE IL, GRADE C. 


Fin. FL. LING 


mol a 
Qin 


DETAIL of 


DRY Smale 
eA! ihhe (et 


UNITED STATES 
WAVAL RADIOLOGICAL DEFENSE LABORATORY 
SAM PRAWNSISCO 24, CALIPORWIA 


FIG. A-2M 
FOUNDATION, FLOOR SLAB, AND 
DEADMEN ARRANGEMENTS 


ENGINEBIZING ¢ DBSIGN, 


“DATISPACTORY TO: 
_APPROVED BY: Kaue Ob Potreay _ Le 


t 
rate “J pave S-22-6% 


NO al 
Baiseso- A 
se 
PETAIL *B" 
4 * 4 o i fo} us bs . 7 7 
ste sect. Sie 
SUT A ® Rt) 


19 


~—BACKFILL SOIL TYPE 


Gravel, sand, gravel and sand, 
grevel-sand-ailt 4nd gravel-sand- 
élay mixtures, or crushed. rock 


‘ Inorganio clay, gravelly clay, sandy 
olay,or sity clay of meiiium to low 


g:suce 2 rooting 
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presi 


Inorganic silt, very fine sand, ; 
fine sand and silt, or soft, plastic,. 
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*Po = Gesign biast overpressure rating of shelter. 
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REINF. BARG ‘At FOR SPAC- 64d sg, 
7 air int airuse 2 BAQ PIAMETER . + ¢ 

SG@ TABLE IZ, ee 


s * 
eee were w : 1. Normal safe beari 
2. Bearing values fo 
TYPE Ko) in direct proport 
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vel and sand, 


crushed rock 


ery fine sand, 


and gravel-sand- 


ravelly clay,sandy 
of medium to low 


t,,or soft, plaatie, 


pressure rating of shelter, 


I en 


10,000 LYYL.F, | 30,000L8/L,F, 


10,000 45,000 
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TYPE OF SOIL 
BENEATH FOOTING 


COARSE-GRAINED NON- 
COHESIVE SOILS, SUCH 
AS GRAVEL, SAND, AND 
GRAVEL AND SAND 


SANDY, SILTY OR 
QRAVELLY CLAY 


POOTING LOAD LBS/LIN, PT. 

10,000tB/L.F. 20, ,000LB/L.F, 0,OO0CLB/L.F, 
REINP."A" D REINF, “A" 
|__None 0-10 _| 
|_Wone __fo-10_| 
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FINE-GRAINED COHESIVE 
SOILS, SUCH AS CLAY AND 


HARDPAN, CEMENTED 
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: TABLE II 
NORMAL SAFE BEARING CAPACITY OF VARIOUS SOILS 
Capacity=-Lbs /Sq.Ft. 


Loose fine sand 
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Loose inorganic sand and silt 500 


NORMAJ, SAFE FOOTING WIDTH REQUIRED IN FEET AND INCHES 
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M Reinforcement steel is fabricated in increments cf 
% inch on the diameter. The designation *3 indt- 
cates a rod %s inch la diameter. 


TERMS USED _IN TADLES 


1. Normal safe bearing capacity as shown is for a footing 3'~0" wide at a depth of 1'-6" below grade. 


2, Bearing values for coarse-zrained soils as shown in TableI! are fora footing 3'-0" wide, and are to be reduced 
in direct proportion to footing width for footinga less than 3'-0" wide, 


3. Compset gravel, sand, or send and gravel are deposits which require picking for removal, and offer high 
resistance to penetration by excavating tools, 


+ itn -- 7 ec esse $90 eee 2 eee. 0 


_|-Normal Safe Bearing | - 


"THARDPAN, cemented gravel leage rock 20,000 1b/s.f, minim. 
Compact gravel or sand and gravel 8,000 w/s.f. i 
Loose gravel or sand and gravel . 6,000 
6,000 
[Loose coarse sand 4,000 
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G_CAPAGITY OF VARIOUS SOILS 


Normal Safe Bearing 7 
Gapscity-Lbs/Sq.Ft.” 
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DO AND NORMAL SAFE BEARING CAPACITY 


FOOTING WIDTH REQUIRED IN FEET AND INCHES 
POR FOOTING LOAD SHOWN (POUNDS/LIN, FOOT) 
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MW Reinforcement vicet is favrioated in increments of 
BLES % inch on the diameter. The designation *3 indl- 


cates a rod 3/@ inch in diameter. 
wide at a depth of 1'-6" below grade. 


footing 3'.9" wide, and are te he reduced 
31-0" wide, 


equire picking for removal, and offer high 


PROCEDURE FOR DETERMINING THE DESIGN AND CONSTRUCTION DETATIS OF THE 
SHELTER'S SIOBWALL FOOTINGS 


The sidewall footing to be used with a pertieular shelter 1s dependent on (a) the overpressure 
rating for which the shelter is to be designed, (b) the type of scil used for backfill adjacent 
to and over the shelter, and (c) the tyre and bearing capacity of the in-place soi] beneath the 
footings. 

load 


‘Neble I establishes the bearing that must be supported by the continuous sidewall footings. 
Enter with the overpressure rating and the type of soil wed for backfill. to determine the foundation 
load in pomds per lineal fuot of footing. Where doubt exist as to proper classification of backfill 
aoil, use that giving the higher footing load in Table 7. 


Next, determine the type of soil and the normal safe bearing capacity of the ineplace soil 
peneath the footings. The type of aol) is determined by preliminary borings, inspection of the 
exavated site, or records of previous construction in the immediate area. The "normal safe bearing 
capacity" is the bearing value that vould be used in proportioning footings of buiiiing and other 
structures for resistance to normal service loads exclusive of wind, earthquake, or impact loots. 


The normal safe bearing capaeity can be established by (a) @ special sotls investigation by a 
qualified soils engineer, (b) use of tabulated "permissible," "“allowble," or "presumptive" safo 
pearing capaéities from local building ecdes, or (c) we of recomended bearing values from Table I. 


Bearing capacity is expressed in terms of pounds per square foot of footing area. ‘The actual 
pearing capacities are dependent not only on the type and properties of the soil, but also on the 
sise and shape of the footing. Values shom jn Table I and as wed in succeeding steps of 
proportioning footings for shelters are for a rooting 3 feet vide at a depth of 11/2 feet below 
adjacent grade. Whore bearing values are stated in terms of other widths or depths ,eypropriate 
adjustments must be made. by & qualified soils engineer. 


for shelters are propertimed on the basis of the expected ultimate bearing capacity 
of the soil under fiynamic conditions of loading, The normal safe bearing capacity is not used 
directly, but 4s an indivation of the expected ultimate dynamic bearing cepanity. For consistent 
results to be achieved, the normal safe bearing capacity must be reasonably related to the actual 
bearing capacity cf the soil, It is assumed herein that values of normal safe bearing capacity 
have roche factor of 2.5 to 3.0 with respect to sctwel foundation fatlure under static loading 
eonditions. 


Bearing values established by « soils engineer can usually de expected to contain a safety 
festor in this range. An exsepiion may cceur where low bearing values are prescribed to svoid 
excessive settlement under sustained loads. In this case, higher values based on the actual 
static bearing capacity should be wed. 


Normal eafe bearing capacities established by building codes of different jurisdictions show 
great variation 41 values for soils of apparently similar description. To some extent, this variation 
may be due to actual variation in properties of local soil formations. It may also be due to 
variation in the actual safety factors, Values in Table II represent a fair average of building codes 
in various parts of the United States. Where local building code values are much higher or lower 
than those in Table DD and are not justified by lecal conditions, as determined by a soils analysis 
by a soils engineer, sujusteent can be made in the local code values. 


Enter Table ITI with the foundation load from Table I and the type and bearing capacity 
ef soil beneath the footings to determine the required width of footing in fect and inches. If 
soils are intermediate in characteristics between the "coarse-grained, noncohesive" and the "fine- 
grained, echesive” groupe of soils, an intermediate width of footing may be selected, or the vider 
of the two may be wed. 


In establishing footing vidths as shown in Teble II, allowance has been made for the effect 
of footing width on nearing capacity, and the difference bevteen static and dynamic resistance of 
soils. No further adjustment is necessary for these fectors. 


The detailed design of foutings is show in Types 1, 2, and 3. and in Table IV. Enter 
Table IV vith the footing lead from Table I and the footing vidth trom Table ITI to determine the 
thickness of the footing base and the size and apecing of trunsverse reinforcing bars. Other 
shown in the appropriate Type 1, 2, ar 3. 


i 
| 


ry is to be designed and constructed for a nominal 35-pai overpressure rating. 

om a clay-type soil of mediumestiff consistency. Backfill. over and aroun the shelter 
clean sand and gravel. From Table 1, with overpressure of 35-psi and sand-graval backfill, 
the footing load is found to be 30,000 pounds per lineal foot. The local building code establishes 
a@ bearing value of 3,000 pounds per square foot for mediimm-stiff clay, while Tebla II gives 

4,000 pounds per square foot. ‘The building code value of 3,000 pounds per square foot will be used, 
since it 1s the smaller value. From Table ITXI, with a footing load of 30,000 pounds per lineal 
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width of 2'-6" 4s found. Prem Teble IV,for @ foetinglosd of 30,000 pamds per foot and af 
spacing. Other footing details are as shom in Type 3. 


EINF, BARS *A'- * - 
FOR SPACING IN INCHES' 
§ BAR DIAMETER a) 
SEE TABLE IE : 


REINF. BARS ‘A‘- FOR SPAC- . “4 
ING IN INCHES ¢ BAR DIAMETER. + 
SGE TABLE IZ. : 


FOOTING WIDTH "WwW" 
2°@ to BO’ 


TYPE 3 


_ FOOTIN ETAILS 


Sear: iLat-o® 


Details not noted on Types 2 and 3 are same as shown on Type 1, 
Footing thickness "D" and transverse reinforcing bars "A" are 
scheduled in Table IV, 


GENERAL NOTES 


1, Conerate for footings shall have compressive strength not less 
than 2,500 tb/sq.in, at 28 days. 


>. Reinforcing bars shall be intermediate grade deformed bars to 
ASTM Specs. A15 and A305. 


FOOTING 
"9" (PTET 
FROM TAE 


_SIDWALL FOOTING WIDTHS... AS REQ'D. BY.._FOOTIN 


TABLE ff! 
os 6 


LOAD ANB NORMAL GAFFE BEARING CAPACITY 


FOOTING WIDTH REQUIRED IN PEET AND INCHES ~~ 
FOR FOOTING LOAD SHOWN (POUNDS/LIN, FOOT) - 
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FOOTING LOAD LBS/LIN. FT. 
30,000LB/L.F. 45, OOOLB/L.F. 
REINF. "A" [pT REINF. "A" | 
@. 
s 


60, 000LB/L.F. 


None 
#36 2inches 
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HM Reinforcement stes! is fabricated in incraments df 
Y% Inch on the oe Pas designation *3 inul- 
cotes a rod 9% inch in diametar. 

1, Normal safe bearing capacity as shown is for a footing 3'-O" wide at a depth of 1'~6" below grade. 


TERMS USED IN TABLES 


Bearing values for coarse-grained soils 4s shown In fable!! are for a footing 3'-0" wide, and are to be reduced 
| in direct proportion to footing width for footings less than 3'-0" wide, 


Compact gravel, sand, or sand and gravel are deposits which require picking for removal, and offer high 
resistance to penetration by excavating tools, 


4, Loose gravel, sand, or sand and gravel are deposits which can readily be removed by shoveling only. 


5. Hard clay requires picking for removal. 


A fresh sample can be molded in the fingers only with the greatest 
aifficulty. 


6, Medium or firm clay can be removed .by spading. 


A fresh sample requires substantial preasure to mold in the 
fingers, + 


7+ Soft clay can be molded in the fingers with relatively slight pressure. 

8. Coarse | ae is particles retained on a No. 10 mesh sieve. Coarse sand passes No. 10 and is retained 
on a No.40 mesh sieve. Fine sand passes a No, 40 mesh sieve and is retained on a No. 270 mesh sieve, Gravel, sand, 
and mixtures of gravel and sand possess little or no cohesion when dry. 
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readily be broken in the fingers, 


10. Silt is particles smaller than fine sand but coarser than clay, ‘If: cohssive strangth when dry is slight, 
and lumps can easily be broken in the fingers. 
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wcil, use that giving the higher footing joad in Mahia I. = = SS” 
Next, determine th: type of soil and the normal safe bearing capacity of the in-place soil 
beneath the footings. ‘The type of soil is determined by preliminary borings, inspection of the 


The normal safe bearing capasity can be established by (a) @ special soils investigation by a 
qualitied soils engineer, (b) use of tabulated "permiasible,” "allomble," or “presumptive’ safe 
‘bearing coymbities fran local building coies, or (c) wee of reuimeunied tearing values frau Table Ie 


WIDTH REQUIRED IN -FERT AND INCHES 


‘ING me Ses 
FOOTING LOAD SHOWN -(POUNDS/LIN. FOOT) ~~ ——~-—~ Beardng capacity is expressed in terms of pounds per ‘squere foot of footing area. The actual-—-———.—-—- 
50, bearing capacities are dependent not only on the type and properties of the soil, but also on the 
29,000 45,000 60,000 @ize and shape of the footing. Values sham in Table I and as used in succeeding steps of - 
v footings for shelters are for a footing 3 feet wide at a depth of 1-3/2 feet below 


proportioning 
adjacent grade, Vhere bearing values are stated in terms of cther widths or depths, appropriate 
adjustments must be mate. by @ qualified soils engineer. 


Footings for shelters are proportiimed on the basis of the expected ultimate bearing capacity 
Of the soil wider dynamic conditions of losling. ‘The normal safe bearing capacity is not used 
directly, but is an indination of the expected ultinste dynamic bearing capacity. For consistent -----~— - 
results to be achieved, the normal safe bearing capacity mist be reasonably related to the actual 
pearing capacity of the soil. It is assumed herein that values of normal safe bearing vapacity 
pity safety factor of 2,5 to 3.0 with respect to actual foundation failure under static loading 
a nee 
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Bearing values established by a soils engineer can usually be expected to contain « safety 
fagtor in this range. An exception may coeur where low bearing values are prescribed to avoid 
excessive settlement under sustained loads. In this case, higher values based on the actus) 
static bearing capacity should be used, 


Normal. safe bearing capacities established by building codes of different jurisdiations show 
great variation in values for soils of apparently similar daseription. To some extent, this variation 
may be due to actual variation in properties of local soil formetions. It may also be due to 
in the actual safety factors. Values in Teble II represent a fair average of building codes 

of the United States, Where local building code values are moh higher or lover 
than those in Table IT and are not justified by local conditions, as determined by « soils analysis 
rT, sujustaent can be made in the local code values. 


H 


Enter Table Itt with the foundation load from Table I and the type and bearing capacity 
of soil beneath the footings to determine the required width of footing in feet and inches. If 
soils ave intermadicte in charantariatics between the "coarse-grained, noncohesive” and the "finee 
grained, achesive’ groups of soils, an intermediate width of footing may he selected, or the wider 
of the two may be wed. 


In eztablishing footing widths as show in Teble ITI, allowance has been made for the effect 
of footing width on bear{ng capacity, and the difference bevteen static and dynamic resistance of 
soils. No further adjustment is necessary for these factors. 


The detailed design of footings is shown in Types 1, 2, and 3. and in Table IV. Enter 
Table IV with the footing load fram Table I and the footing width tram Table ITT to determine the 
thickness of the footing base and the size and spacing of transverse reinforcing bers. Other 
1s ave as shom in the appropriate Type 1, 2, ar 3. 


| 45, OOOLB/L.F, 60, 00OLB/L.F. 
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# Reinforcement ctest is favricated In increments df 

D Y% Inch on the diamater. The designation *3 indi- 
cotenh a rod 9% inch In diameter. 
p at a depth of 1'-6" below grade. 


Se ee ee ee 
pf o~10 | None | None 
ri-0 | None | None | A elelter is to be designed and constructed for a nominal 35-pes overpressure rating. Footings 
— will bear on a clay-type soil of mediumstiff consistency. Baskfill ver and around the shelter 
Z 1-2 [£3 @ Phincrasf 1-3 [*3 @ 2binctes| will be clean sand and gravel. Prom Table I, with overpressure of 35-pei and sand-gravel backfill, 
ku J i-0 [43@ 3% [1-0 [3 2%, the footing load 4z found to be 30,006 pounds per lineal foot, ‘The local building code establishes 
C @ bearing value of 3,000 pounds per square foot for medium-stiff clay, while Teble I gives 
Bleu [1-0 |*3e@ 3)  Ji-0 [#3 @ 2% 0 4,000 pernde per square foot. The building code value of 3,000 pounds per square foot will be wed, 
Bu [i-0 |[%3e3 « | 1.0 since it is the amaller value. From Teble IJI, with a footing load of 30,000 pramds per lineal 
! foot and fine-grained cohesive soil cf 3,000 pounds per square foot bearing value, a required footing 
eu [1-0 [#4 e3yu [i-2 [#4 3% 5 sane 2'~6" 40 found, From Teble IV, for a fovtisgload of 30,000 pomds per foot and « fi tng width 
i tofit " etna 
By, [1-0 |[*5e lh u fi-e |*5ey wi tag pis tein anus ane eas the transverse reinforcement is No. 3 bars at 
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ENDWALL FOOTING WIDT! 


TYPE OF SOIL 
BENEATH FOOTINGS 


cohesive solls, such as 
gravel, sand,or sud and 


| Coarse-grained, non- 
gravel, 


Fine-grained cohesive 
soila, such as clay and 
sandy, silty or 
gravelly clay. 


Zeiwe Baws “A 


wiptw “w" 
SEE SCHEDULE 


_TYPE 5 
ENDWALL FOOTING DETAILS 


Qcare: Ib sl-o" 


FOOTTI 


= TABLE A 
UNIFORM BEARING LOADS TO ENDWALL FOOTINGS 


FOOTING LOAD (LB. /LIN.FT. 
BACKFILL SOIL TYPE Po = 10 PSI |*Po = 35 PST 


-.....|-.Gravel, sand, gravel and_sand, B/L.F 

_ Gravel —sand-silt and gravel-sand =-—f' 2, S0OLB/L;F; | 7;500L8/L.F, — 
lay mixtures, om crushed rock : 

Inorganic cley, gravelly clay, sandy 


clay, or silty clay of medium to low 
compressibility and plasticity 


Inorganic silt, very fine sand, fine 
sand and silt, or soft, plastic, 
compressible cla 
*P, = Design blast overpressure rating of Shelter, 


15,000 


TABLE B 


ENDWALL FOOTING WIDTHS AS REQUIRED BY FOOTING LOAD AND NORMAL SAFE BEARING CAPACLTY 


Coarse-grained, non- 
cohesive soils, such as 
gravel, sand,orsand and 
gravel, 


Fine-grained cohesive 
soils, such as clay end 
sandy, silty or 
gravelly clay. 


TABLE C 


FOOTING STEEL REINFORCEMENT SCHEDULE 
FOR TYPE 5 


FOOTING WIDTH REINF.BARS "A" 
‘we _& IN. A Ofds 


*3@ 24 
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LIST OF MATERIAL 


OTINGS 
FOOTING LOAD 


LB. /LIN. FT, 
Po = 35 PST 


5,000 15,000 


The endwall focting to be used with a particular shelter is dependent on (a) the orere 
pressure rating for the shelter is to be designed, (b) the type of soil used for 
backfill sdjacent to and over the shelter, and (0) the type and bearing capanity of the 
ineplacs soil bansath the footings. 


Table A establishes the tearing load that must be supported by the continuous endwall 
footings. Enter with the overpressure rating and the type of soil used for backfill to 
determine the foundation load in pounds per lineal foot of footing. Where doubt exists as 
to proper classificatic. of backfill. soil, use that giving the higher footing load in Table A, 


Next, determine the type of soil and the "normal safe bearing capacity” of the in-place 
: ° eotl beneath the footings. The type of soil is determined by preliminary borings, inspection 
shel ter, of the excavated site, cr reeords of previous construction in the iresdiate area. The normal 
safe bearing capacity is the bearing value that would be used in proportioning footings of 
buildings and other structures for resistance to normal service loads exclusive of wind, 
earthquake, or impact loads. 


2, 500LB/L,F. 


The normal safe bearing dty can be established by (2) a special soila investigation 
by @ qualified soils engineer, (b) use af tabulated "permissible," "allowable," or "presumptive" 


pearing capacities from local building code e of recoumended bearing vali 
NORMAL SAFE BEARING CAPACITY om Table tr, Fige Aenle cee A ine 7 ‘ sas 


For definition of novmal safe bearing cupacity (Table 3), see notes that appear in 
Fige A-®1N. 


Enter Table B with the foundation losd from Table A and the tyne and bearing capacity 
of soil beneath the footings to determine the required width of footing in feet and inches. 
If soils are intermediate in characteristics between the "coarse-grained, noncohesive,” 
and the "fineegrained, cohesive” groups of soils, an intermediate width of footing may be 
Selected, or the wider of the two may be wed. 


Tho detailed design of the range of footings are showm as Types 4 and 5. Steel 
reinforcement for the footing ‘esign shown as Type 5 is determined by entering Table C 
with the footing width as is given in Table B, 


In the event the endwall footing width as determined in Table B is 1 foot, the 
total footing design (ineluding steel) is that shown as Type 4. 


datermine the foundation load in pounds per lineal foot of footing. Where doubt exists as 
to proper classification of backfill svil, use that giving the higher footing load in Twole A, 


Next, determine the type of soil and the "normal safe bearing capacity” of the ineplace 
soil benesth the footings. The type of soil is determined by preliminary borings, inspection 
of the excavated site, or reeords ef previous construction in the inmediate area. The normal 
Safe beartog oxpacity is tha bearing value that would de used in proportioning footings of 
d and other structures for resistance to normal service loads exclusive of wind, 
earthquake, or impact loads. 


~The ntamal sate tearing <: Sty con be established ty (a) a opsedal solle investigation 
by @ qualified soils engineer, BS) we of tabulated "peznissible,” "allowable," or "presumptive" 
pafe bearing-capasities from local-bullding codes, or (ce) wee of recommended bearing values 
fram Table I, Fig. A-2-lN. 


For definition of normal safe bearing capacity (Table B),.s2ee notes that appear in 
Fige A-®1N. a : ; 5 
Enter Table B with the foundation load from Table A and the type and bearing capacity 
of #012 beneath the footinge to determine the required width of footing in feet and inches. 
If acils are intermediate in characteristics between the "coarse-grained, noncohecive,” 
sige SAS -and the "fine-grained, cohesive" groupe of soils, an intermediate width of footing may be 
oa W 4rs sblested, or the wider of the two may be used. ‘ 


The detailed design of the range of footings are show as Types 4 and 5. Steal 
reinforcement for the footing design shown as Type 5 is determined by entering Teble C 
with the footing width as is given in Teble 5. 


In the event the endwall footing width as determined in Table B in 1 foot, the 
total fusting design (ineluding steel) is that show as Type 4, 
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4.5%) 0% 3.781 1B9/OQ. FT. 6*PECTIVELY. VEIGHT TOLERANCES THAT ARE PER UinS| BLE: 
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THE BOLT HEADS SHALL BE SO SHAPED THAT ADEQUATE BEARING OF THE BOLT HEAD 
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INDICATED. 
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aa ae ENIZANCE TUNWEL SHALL BE FABRICATED OF GALVANIZED, CORRUGATED METAL PIP, 
GAGE AS IDDICATED, CONFORMING TO THE EQUIREMENTS OF ASSWO SPECIFICATION 
M 26°57, COPPER BEARING STEEL. EXCEPT As INDICATED CTHERWISE, THE JOINTS 
SWALL BE MANUFACTURERS STANDARD For SIMILAR *ERvice. 
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CONFORMING TO SPECIFICATION MiIL-F-I51Q5A. 
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DETAIL “A” 


2. SHELTER ENDPYALLS SUALL BE ASSEMBLED AT THE SITE OF STRUCTURAL PLATES AS 
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mC) 
Oe THE CORRUGATED METAL ARCLIL THREADS SHALL BE AMERICAN STANDARD COARSE {CLASS 2 FREE 


. ARCH 4 PIPE ERECTION.-— TUE METAL ARCH 4 ENTRANCE PIPE SHALL BE ERECTED IN 


MRUGATIONS AWALL HAVG A PITCH OF @ INCHES VITH A TOLFPRANCE OF iq INCH, § A 
DEPTH GF 2 INCHES NITH A TOLERANCE OF BINCH. THE RADIUS ON THE INSIDE OF THE 
CORZUGATION SHALL BE AT LEAST IiemcHes, 
2) PLATES SHALL BE EITHER #12 OR #10 GAGE, AS SPECIFIED, § SHALL WEIGH AFTER GALV. 
4.5%] OR S781 1B2/5Q, FT. RESPECTIVELY. WEIGHT TOLERANCES THAT ARE PER MIOG( BLE: 
. ENTIZE LOT-PLUS 5% MINUS 5% | INDIVIDUAL PLATES ~ PLUS S%o, MINUS 10%, 
(C) FORMING 4 ‘PUNCHING PLATES, AFTER CORRUGATING, EACH PLATE SHALL BE CURVED To THE 
PROPEZ RAOCINS % THE BOLT HOLES SUALL BE 40 PUNCHED THAT ALL PLATES HAVING 
LIKE DIMEWIONS 4 CURVATURE ARE INTERCHANGEABLE IN THE ERECTION PILOCESS. OW 


FORMING CIZCUMFERENTIAL SEAMS SUALL BE SPACER NOT MORE THAN 12 INCHES 
CENTER TO CENTER. ALL BOLT HOLES SUALL Be a WoW LARGEIZ THAN THE BOLTS. 
PLATES SHALL BE $0 CURVED THAT, WHEN BOLTED TOGETHER, THE ARCH SHALL BE 
FORMED I ACCORDANCE WITH THE FLAN DIMENSIONS. : 
BOLTS @ NUTS SHALL BE HOT-DIP GALV. 4 SHALL BE PROVIDED BY THE MANUFACTURER OF 


FIT, MATERIAL SUALL CONFORM TO THE REQUIREMENTS OF ASTM SPECIFICATIONS A325. 
THE BOLT HEADS SHALL BE So SHAPED THAT ADEQUATE BEARING OF THE BOLT HEAD 
WILL BE OBTAINED, WITHOUT THE USE OF WASHERS REGARDLESS OF WHETHER THE BOLT 
HEAD 14 USED OW THE CREST OR VALLEY OF THE CORRUGATIONS. THE NUTS SHALL BE 
ROUNDED OW ONE FACE TO SECURE PROPER SEAZING § NOT TO CUT THE GALVANIZING IN 
THE VALLEY OF THE CORRVGATIONS. 

(2) CHANNELS. — ULBALANCED CHANNELS, WHERE REQ'D. ON THE PLANS SHALL BE HOT-OIP GALYV, 
COLD-FORMED METAL OF NOT LESS THAN F/G IDCH ID THICMNESS, WITH SLOTTED TONGUES 
FOR ANCHORING TO THE FOOTINGS. ONE VERTICAL LEG SHALL BE PUNCHED WITH SLOTTED 
HOLES TO MATCH THE HOLES I) THE PLATE, 


INDICATED. 
) STRUCTURAL PLATES 4 CHAKWELS SUALL BE FABRICATED OF GTEBL CONFORMING To THE 
REQUIREMENTS OF ASTM GPECIFICATION A245-58T, GIZADE C,4 SHALL BE #8 GA, PReioe 
TO FORMING, THE STEEL SUALL BE HOT-DIP GALVANIZED WITH PRIME NESTERN SPELTER 
AT WOT LESS THAN 2 OUNCES PEC 5Q@. FT. OF COURLE EXPOSED SURFACE. 
BOLTS 4NUTS.— CONNECTIONS SHALL BE MADE WITH BOLTS 4 NUTS CONFORMING To 
THE REQUIZEMETS OF SUBPARAGRAPH 1G}. 

NNEL SHALL RE FABRICATED OF GALVANIZED, CORRUGATED METAL PIPE, 
GAGE AS INDICATED, CONFORMING TO THE ZEQUIREMENTS OF ASSHO SPECIFICATION 
M 56-57, COPPER BEARING STEEL. EXCEPT AS INDICATED OTHERWISE, THE JOINTS 
SWALL BE MANUFACTURERS <“TANDARD FOR SIMILAR 2ERVICE. 


(b) 


ACCORDANCE WITH THE MANUFACTURER'S INSTRUCTIONS 4 To THE LINES 4 GRADES 
INDICATED. ALL S8AMS OR JOINTS BETWEEN OVERLAPPING PLATES SUALL BE SEALED WITH 
IW/2 wen «Va IneH “PERMAGUM” STRIPS. 

ONE STRIP SHALL BE PRESSED OVER EACH 2OW OF BOLT HOLES ON ONE OF THE 
PLATES COMPRISING A JOINT, PRIOR TO BOLTING UP. ALL JOINTS OF THE CORRUGATED 
STRUCTURE, INCLUDING THE JUNCTION BETWEEN THE TUNEL § THE ENDWALL OF THE 
ARCH, SHALL BE SEALED IW A SIMILAR MANKER. 

REPAIR AFTER BRECTION. — GALVANIZED SURFACES PAMAGED DURING CONSTRUCTION 
SUALL BE WIRE BRUSHED 4 GIVE) 2 COATS OF ZINC-DUST ZINC-OXIDE PAINT 
CONFORMING TO SPECIFICATION MIL-P-I51Q5A. 
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CHEATED AIR AND EXHAUST GASES TO BF. DUCTED OUT OF THE ENTRANCE COM - 

PARTMENT. THE ENGINE GENERATOR, FOR THE CAMP PARKS INSTALLATION, 
SHALL 6& GQUAL TO ONAN BLECTRIC PLANT SERIES NO. JOR CW, 

Z.THE TOTAL ENGINE GENERATOR ELECTRICAL INSTALLATION COMPLETE WITH 
FUEL TANKS, GAS DISTRIBUTION SYSTEM, VENT SYSTEM, ETC., SHALL BE 

— TESTED IN THE PRESENCE-OF THE OFFICER IN CHARGE OF CONSTRUCTION 

— OR HIS AUTHORIZED REPRESENTATIVE, THE TEST SHALL CONSIST OF REPEATED 
START AND STOPS AND A FULL-LOAD HEAT RUN FOR A PERIOD OF AY LEAST. 
“2 HOURS. THIS TEST SHALL BE CONDUCTED BY THE CONTRACTOR ATHIS 

- EXPENSE. THE FREQUENCY AND VOLTAGE REGULATIGN SHALL BE CHECKED 

[TO DETERMINE THAT THE FREQUENCY REGULATION IS WITHIN S CYCLES 

- AND THE VOLTAGE REGULATION WITHINt 3% Nd LOAD To FULL LOAD, 


BALL EXPOSED EXHAUST PIPING INSIDE SHELTER SHALL BE COVERED 
WITH GRADE 1, CLASS A INSULATION IN ACCORDANCE WITH SPEC. 
MIL=P -2°76I. 


OMGCRIPTION 
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TYPICAL UNDERGROUND 
PIPE INSTALLATION 
° NOT TO SCALE 


E 


4 
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QUANTITIES SHOWN ARE FOR 


LIST OF MATERIA 


SHELTER ENT 


ae ee oN 
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PLACE PUI TAB I LING : : 
WU/ BUTRALCE WALL p 
{ . PARTIAL PLAN AT PASSAGEWAY scale ‘3 *1-0° 
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~7 INSTALL. SEE DET. "A" 
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see rere “¥ GATE VALVE 
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£94 Gay 
Watem Line 


WATER TANK PIPING 


WELD OR SOLDER DIAG (2AM 
OPP AROUNE < (ScHematic ony) 


Tay oie ae 


NOTES; 


|. ENTRY OF ALL PIPES INTO SHELTER 
WITH DETAILS SHOWN IN PIPER ENT 


2.PRIOR TO BACKFILLING AROUND TA 
TEST THE TOTAL GAS & WATER TA\ 
” PRESSURIZING TO S |6/ SQN. NEITH 
AT THIS PRESSURE, AND LEAKS DP 
BE REPAIRED AND THE SYSTEM R 


3. THE WATER TANK COMPLETE WiITI 
DISINFECTED WITH CHLORINE BE 
OPERATION. THE AMOUNT OF CHL 
SUCH AS TO PROVIDE A DOSAGE 
PER MILLION. FOLLOWING A CO! 
THAN & HOURS, THE HEAVILY ¢ 
BE FLUSHED OUT WITH CLEAN 
PLACED IN SERVICE. 
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> INSTALL, $8 DET.“A’ NOTES: 
“ TYP ALL PIPE) 
7 1, ENTRY OF ALL PIPES INTO SHELTER 1S TO BE IN ACCORDANCE 
WITH DETAILS SHOWN IN PIPE ENTRANCE DETAIL ON THIS-DRAWING. 


“8 GATE VALVE 
DAR GAP 2. PRIOR TO BACKFILLING AROUND TANKS, THE CONTRACTOR 15 TO 
we GA TEST THE TOTAL GAS & WATER TANK- PIPE SYSTEM BY AiR 
PRESS JRIZING TOS [lo7 SQ.IN. NEITHER SYSTEM SHALL LEAK AIR 
NIPPLE wy AT THIS PRESSURE, AND LEAKS DISCLOSED BY THIS TEST SHALL 
VENTED cap BE REPAIRED AND THE SYSTEM RETESTED. 
"ut" REDUCER 3. THE WATER TANK COMPLETE WITH PIPING SHALL BE THOROUGHLY 
DISINFECTED WITH CHLORINE BEFORE BEING. PLACED IN 


OPERATION. THE AMOUNT OF CHLORINE APPLIED SHALL BE 
SUCH AS TO PROVIDE A DOSAGE OF NOT LESS THAN 50 PARTS 
PER MILLION. FOLLOWING A CONTACT PERIOD OF NOT LESS 
THAN & HOURS, THE HEAVILY CHLORINATED WATER SHALL 
" BG FLUSHED OUT WITH CLEAN WATER AND THE SYSTEM 
PLACED IN SERVICE. * 
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NOTES: 


ENTRY OF ALL PIPES INTO SHELTER 1S TO BE IN ACCORDANCE 
WITH DETAILS SHOWN IN PIPE ENTRANCE DETAIC ON THISDRAWING. 


2. PRIOR TO BACKFILLING AROUND TANKS ,THE CONTRACTOR IS TO 
TEST THE TOTAL GAS & WATER TANK- PIPE SYSTEM BY AIR 

~ PRESSURIZING TO 5 |b7SQ.1N. NEITHER SYSTEM SHALL LEAK AIR 
AT THIS PRESSURE, AND LEAKS DISCLOSED BY THIS TEST SHALL 
BE REPAIRED AND THE SYSTEM RETESTED, 


3. THE WATER TANK COMPLETE WITH PIPING SHALL RE THOROUGHLY | _ 
DISINFECTED WITH CHLORINE BEFORE BEING. PLACED IN 
OPERATION, THE AMOUNT OF CHLORINE APPLIED SHALL BE 
SUCH AS TO PROVIDE A DOSAGE OF NOT LESS THAN 50 PARTS 
PER MILLION. FOLLOWING A CONTACT PERIOD OF NOT LESS 
THAN & HOURS, THE HEAVILY CHLORINATED WATER SHALL 
BG FLUSHED OUT WITH CLEAN WATER AND THE SYSTEM 
PLACED IN SERVICE. 


DESCRIPTION 


UNITED STATES 
NAVAL RADIOLOGICAL DEFENSE LABORATORY 
SAN FRANCISCO 24, CALIFORNIA 


| 

| 

FIG. A-I7M | 
WATER & FUEL TANKS | | 
| 

| 

| 

| 

| 


3 


Sa18ViI LSOD 


d XIGNiddV 


*qtodea stu; Jo [°y 388 PeISTT S4s09 uoQeT puE LeTteqeEm ZOGT Tue 6461 JO uoTSSNoSTP EITTVAeP Jog ‘oosyousty ues uy sepery Burying 

doZ BINpEeYoS ZOKT AoqeT Jo 4useuyaedag -S°q auq uo Paseq sre saqer ATANQY ZOST GUL “sA0OqouTQuOD [exouen auq Aq Teqaodar syzo0o Tengoe8 uO yasEq 
oze Cue ‘aaqg sus edAjoqord sxyaeg dwep 3u4 UT PALTTe4sUt smaqgyt asouq zoy aaB GG61 dox s4soo aoqel fue Tefdeqje_~ ‘“oeBexoed asygour yo qued e se 
FaepNlIuyT usaq FRY AOKLT UOTABLTeAZSUy AasoyuM Jo JOQqeT UOTISTTeAsUT Ssazrnbad Jou ap 3euy swaqy Joy peataque useaq 4ou savy syG0o Joqey °93a °9) Joud 


‘peayaean ‘zogel ‘TeTtesum--83800 SuTanqoejnuew [Be sapn{ouy weqy Feonpozd-seem e AOJ 4509 [eT1a4eM SUT, *OosTaURAT UBS “gG*O°A BIB 89500 Tete a2eW, 


ws love |e eve |eoe| wo | seq vs |_| sores ae voreaesnr| | 
96°€ 


duns 
: Fue usno14 apesE UTA 
S6/EQU hO/HOT HOT/OLZ GOT/SLT 06/SLI gE-E] 9°92 4 a9e[dwoo qeis 1OOTs 


[aaqs sapntout) Zutovac 


Stilt GLEE Tt WE-v °3ta | a0g0¥squ09 [eIsu9p| T1eMpus quoay fue sem 


| 
g£/oot'| 2¢/o01 


"S-Me-W°Bta fy adhQ 
' . , Ueapug “ToNe-W Std 
, B39) {<7 t=) 
EIL/O6L &S1/002 yZ 4 oS U/Grz 3 re it 4 TEEISP ULEMSP TS. usa peop fue uosyepunos 
(spoa 


aed ¢ 

/8rl_ | /0L8 6 e 19946 ‘TTeNpUe avey 
: o%ed g 

WG-7 Fue WE-V °3TT « 1aeqs ‘[1eapua quo 


Fed SE - a2e2 of 
yore Taaqge aqeld TIINW 


/UZVE | /LBLE 5 /1ZTE | /1ZtE 


‘eg ‘yzanqs3ata 
“ald a@2ptag*sieny 
*dao9 1339S *Ss°n 

ao 
oTuo ‘umogsZunoz 

"aul sqonEoag LezoW 

gue o¥e0p~erq ovmry 


(su0t 
i ‘ pue asty ,c/t- 
feggz | /egge | /e992 | \/egoe2 at fq weds ee) 


tsd OT- 9382 et 
yore [aaqe aqetd TIIME T 


Q00'T- '00T ot ju | agey (‘aei/"3eK 78) 
: . tos -- 1 KLANOH | 4809 450 doqey “OK 
("a67/"3en 28) paqeoppur pue [eptaqe, “ON gunoTa NOTIATHOSZa mane 


setatqaeny ut 4Tun sag 'ys09 
Se9ET-SLSOD YOY] Any IVIYILWW pOG6L-HOSV1 GNY IVIYSL¥N veto 


SEOVIOVd EELISHS-OISWa MOA WaLL AD SLSOD Yo] GXNV “VIEL 
1 aiaeL 


cane ee 


Cost rise is éue ty inereaue in coat of labor for 
fabrication of the item and its transportation. 
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5 1 : Table 4 
MATERIAL AND LABOR COSTS EY ITEM FOR ZNTRANCE PACKAGES 


ACTUAL MATERIAL AXD LABOR-135¢" MATERIAL AND LABOR COSTS - 19624 


Unit Labor: 
Regt. 


Cost Per Unit in Quantities 
Material and labor | rapor}| Indicated (f) Materiai/Labor 


Unit: Cos? Hourly 


($:Mat./Labor) Rate 
&30/ &90/ &so/ 890/ 


DESCRIPTION MANUFACTURER FIGURE NO. 


Man- |Heurly 
hours Rate 


Armco Drainage and Fig.A-4 and 


Corrugated steel 84" 
Metal Products, Inc A-5 


diameter conduit - 
12 gage (10 psi) 

complete with elbow 
endwall ring, connec- 
ting band and inner 

liner (semi-buried and 
turted configuration) 


Same as Item 1 except 
for above sround con- 
fizuration. 


- igy " - 
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FS — poe | aie ss _ 
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¢ i 


amaterial costs are P.0.B. San Francisco. The material cost for a mass-producei item includes all manufacturing costs--material, labor, 
overhead, profit, etc. Labor costs have not been entered for ivems tnat do not require installation laber or whose installation labor 
has deen included as part of another package. Material and labor costs for 1959 are for those items installed in the Camp Parks prototype 
shelter, and are based on actual costs reported by the General Contractor. The 1962 hourly rates are based on the U.S. Department of Lator 


rf pagneractd for building trades in San Francisco. For detailed discussion of 1959 and 1962 material and labor costs Listed see 4.2 
of S report. | 


rt st (Table Continues) 
60 , 


Corrugated steel 64" 
diameter conduit - 


corplete with elbow. 
eniwall ring, connec- 
sing, band and inner 
Line 


Endwall entrance door 
with frame in place. 
Complete with weather 
strip j 

D: shea head, bulkhead 
with; door locking. 
device (35 psi) material] 
5,16" thick steel 


Emsco Plywood Co. 
922 19th Ave. 
Oakland, Calif. 


Lukens Steel Co. 
Coatsville, Penn, 
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Table 5 

| UNIE COST DIFFERENTIALS FOR EXTRANCE-PACKAGE ITEMS 

7 (See Teble 4) 

be eae py reat Remarks relating to one-off item cost 
Iten |__|! Net Unit Cost differentials when original unit cost quoted 
Wo. Pay : Differential* in Ref. 1 and/or actual contractor cost 

ihe i (Mat. /tabor) (moedifieé es recuired) is used as a basis 
for compexison with 1962 prices. 


Increase in cost is du to: (a)rise in ecst for Ishd 
to fabricate the pipe; (b) transportation cost, and 
(c) omission in Ref. 1 for requirement of connecting 
bends and inner entrance liner. 


and locating a supplier who has long docr.-productiog 
experience. Weather strippirg of the door is in- 
cluded in costs indicated. 


The decrease in material cost is the direct result 
of locating # supplier who is presently tooled to 
mass produce the dished bead. Increase in lebor 
cost is due to wage increase. 


Increase in labor cost is due to wage increase. 


i . 
A plus mark indicates en inorease in 1962 item cost over its cost in 1959. 
A ninus mark indicates 8 decrease in 1962 item cost brsei on its cost in 1959. 
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Table 6 (Continued) 
11 1962 SUMMARY COSTS FOR ENTRANCE PECKACES 


(Table Continues) 
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: Table 7 
| MATERIAL AND LABOR COSTS BY TIEM FOR VERT PACKAGES 


ACTUAL MATERIAL AND LABOR - 1959" MATERIAL AND LABOR COSTS - 1962" 
Unit Laber Ost Per Unit in Quantities 

7 Mater. and Labor Lab: 
MANUFACTURER FIGURE NO. Regt. anor or |_ Indicated (5:Material/lebor) 


Bane) Bowrdy| (3: mat./Lebor) EWE. 100 | 1,000 
eS ee eb 
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“terial costs are F: ds B. San Francisec. The materiel cost for a mass-produced item includes 21) mar.utecturing ccsts--reterial. labor. overneac.. 
‘yrofit, ete. lebor costs have nct been entered for items that do not require installetion labor or whose ins: tioa labor kas been included es 
a part of another package. Material and labor costs for 1959 are for those items installed in the Cenp Parks _Pretotype shelter, and are based 


35 ar) at 0.2 in. WaT 
‘lower with 1/7 HP Metor 
Single phase, LO volt 


675 cfm at 0.7 in. W.Ge 
blower with 1/3 HP Motor 


TG Rlectric Ventile- 
ting Ce. 
Chicage, Dilinois 


Fig. A-6M 


21600! ofm at' 1.0 in. WG. 
Dlower with 1/2 HP Motor 
Single phase, 120 volt 


|eolute filter 


intra aire space filter 
rated at 39.97% efficiency 
ga the 0.3 micron dia. 
DOP text at 1000 SCH! 
at O19 ine WG. 


Hine Safety 
Appliances Co. 

201 Braddock Ave. 
Pittsburga S, Fa. 


Cons ‘nation filter |. 
support, transition duct 
end dlower base 
Ge efm syster) 


Tet ies from vent fan 
cutlet to center line | 


cf shelter vamplete 


Qa actual costs reported by the General Cortractor. The 1962 hourly retes are based on the U.c. Tepertrent of Labor 1962 schedule for tullédac 
trades in San Francisco. For detailed discussion of 195¢ and 1962 material and labor costs Listed see 4.1 of this report. 
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naxk indicates en increase in 1962 item eest over its cost in 1959. 
8 mark indivates a decrease in 1962 item cost based on its cost in 1959. 


Net Unit Cost 
Differential* 
(Mat. /Labar) 


Table 8 


UNIT COST DIFFERENTIALS FOR VENT PACKAGE TEMS 
{See Table 7) 


The cost differential is attributed to an error in 
costing as listed in hef. 1. 


xetuction is due to reduction 1n sales price 
manufacturer. 


LA 7 Cost increase in labor and material is the result 
of & rise in cost of fabrication lsbor and material. 


+ 3/+ 9 Cost increase in labor ond staterial is the result 


of @ rise in cost of fabrication isbor and mterial. 


Cost ineresse in lebor is due to a rise in wages. 
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1962 SUMMARY COST FO2 VENT PACKAGES 
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Table 10 (Continued) 
MATERIAL JED LABOR COSTS BY FFE FOR BOPEDL PACKAGES 
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Table 10 (Contimmed) 


NATRATAL AND LABOR COSTS BY HEN FUR OPEL, PACKAGES 


one 


; ee plate, cite 
& per unit - 


7a 


‘one! 


Plastic cups ,disposable 
,tups per unit a 


Food allowance--same az 
i) Tisted in’ “Appendix c of 
(Bef pe 

~ |Refuse bags, 
Folyethylene zag, 24ax 
72|x .0025 thick-Two 
bags per unit 

. \Detergent_pow. Gen.use 


Sauce pas. Aluminums 
lone, 


Teners ion Heeter, 


Table 10 (Continued) 
MATERIAL AND LABOR COSTS BY ITEM FOR HOTEL PACKAGES 


pe" ACTUAL MATERIAL AND LABOR 


REQUIREMENTS -19592 MATERIAL AND LABOR CoSTS- 1962 2 


Total Price Per Unit in Quantities 
Material and Isbor! Labor|as Indicated ($) Materia?/Lzvor 
; Hour 


DESCRIPTION MANUFACTURER FIGURE NO. pax tone 
i Man- Hourly 
| hours Rate 


per unit 


Duaham Carrig., 
and Hayicn 


423M-3 ate 


r unit 
Re | capacity-18 


Bersteed Mfg. ,Div. 
of McGraw Edison 


tom 
| Co. 


| 
| 
per unit | 
: a Go qt.meta1- 
rust-resistant 


Montgomery Ward 


per unit ”- and Co. 


(Commercial 
grade) 


Zellerbaca Paper 
Co., Special Div. 
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Table 1) 


| UNIT COST DIFFERENTIALS FOR ROTEL PACKAGE ITEMS 
(See Table 10) 

| 

| 


: One-Off Item Cost 


; $e , Remarks relating to one-ort item cost 
| (Materiel /rzbor) Net Unit Cost - Wifferentials when original wit cost quotea 

Item j962 Differentisl in Ref. 2 and/or eetusl contractor cost, 

Ro. Estimate iad (it. /tapar) (modified as required) is used as @ basis 

in Ref. 1 webie ry Tor comparison vith 1962 prices. 
| L ie 42/50 ~ 116/. & | The ceerease in material cont is the result of:(1) 
a design chenge; {2} correcting error made by the 
i | contractor in costing material. The decrease in 
: | dabor cost is the result of design changes. 
’ it ayes |. : 
: ie . 


2 


cost is the result of less lebor requirens to 
Sebricate the bunks Trew canvas instead of plastic 
material. 


3 


*A plus! mark indicates an increase in 1962 item cost over die cost in 1959, 
A minut merk indicates a decrease in 1962 item cost based on its cost in 1959. 
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Table 21 (ccutsmes) 


UNIT COST DIFFZREVTIALS FOR HOTEL PACKAGE IrEMs 
(Sce Table 10) 


One-art Then Cost 
{Material/Lsber) 


Dee decrease in materisi cost is tle result of loon: 
ing a supplier having greater Jearving experience 
in the fabrication af the items. 


pag 
je 
V4 
i | 


| 20/2 


increase in cost of the kit 1s the result of 
ral increases in basic Ishor and material req'd. 


Plus 6 ase in ISIN item cost over {ts cost in 1959. 
minus mark indicates a decrease in 1952 item ccst based on its cost in 2959. 


Ysble 11 (Continued) - 
UNDE COS? DIFFEREVFIALS FOR HOPEL PACKAGE ITEMS 
(See Fable 10} 
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Teble 11 (Continued) 


UNIT COST DIFFERENTIALS FOR HOTEL PACKAG? TTS 
(See Table 10) 


Table 12 (Continved) 
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UIT COS? DIFFERENTIALS FOR HOFEL PACKAGE ITEMS ; i), 
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Baie we [ eee 


Stig toy 

ce 

Bg tO one-off item | 
i ‘1 x r. 


Remarks relatin, 


airfe: 


(See Pable 10) 


Table 12 
1962 SUMMARY COSTS FOR HOTEL PACKAGES 
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r | HO. H-1A HO. E-1B 
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Average Labor and Material Cost Iten 


i 
1 1 2 g2 86 86 
i 4 1 369 363 329 
| 7 1 355 333 333 
| fl 10 1 203 191 1g1 
i. L 5 175 175 170 
f: BY 3b |e [ate | oe 
| 4 Lu 2 3 31 2 
3 BAe fee mee Wess 
1 2 2 
| 3 1 5 i6 16 16 
1 i9 2 4p 42 36 
2 20 1 4 h 4 
| 1 al 4 12 12 12 
| 2 23 1 400 358 345 
i 1 1 = i ig 19 19 
| 1 
| 1 4 a % z i 2 6 5 i 
it 5 5 5 29 2 4 4 4 3 
| 3 3 3 30 1 5 5 5 
| T 7 7 32 1} 3 3 3 2 
200 11 1 il 32 1 7 7 7 
15 10 9 9 3 100 13 ul 1 i 
- 1 1 1 3 15 10 10 9 9 
21/2 10 10 8 35 1 1 1 1 1 
ie 2 z 1 36 «j21/2 10 10 10 8 
;iL- Too 700 700 Fos 1 2 2 1 1 
71/2 2 2 ry 700 yoo joo yoo 
ae) 5 5 hl 17 «1/2 2 2 2 2 
ji. 1 1 42 5 5 5 5 5 
te1/2 38 = 43 1 2 2 1 : 
ot 1 3 
2 14 2 x2 1 7 i 2 a 
ta ¥ 12 1/2 3 
3 : ee ae ee 
2 Z 
| 3p 2 18 18 16 14 
\ 51 8 2k 24 24 
We 52 7 21 21 21 
TOTAL 
Averege Cast Fer 
Package ($) 3102 2845 
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Table 12 (Continved) 
1962 SUMMARY COSTS FOR HOTEL PACKAGES 


Average Labor ani Material Cost Item 


Iten 
21000 
34 2 1 46 43 43 34 
112 5 1 185 182 165 12 
335 8 1 177 mas ace 135 
1L 1 101 5, 
140 | 1 5 175 175 170 146 
10 1 1 12 12 12 10 
280 15 2 365 316 282 280 
36 16 2 40 ko ho 6 
4a 1 2 52 52 52 2 
16 1 4 16 16 16 16 
34 19 2 ho ho 39 34 
4 20 1 4 4 5 q 
8 2 4 ‘ae 12 ie 8 
222 23 1 3 345 222 
2 = 1 48 @ pi 42 
1g 1 13 9 9 1 
4 2% («dt hai 3 é 5 2 
3 2 [21 9 9 3 7 
29 1 4 4 4 3 
2 30 1 5 5 5 4 
6 31 1 3 3 3 2 
l1 32 1 T 7 4 6 
g 3 00 15 11 11 1l 
1 3 15 10 10 9 9 
8 3 1 1 1 1 1 
1 3 5 20 20 20 16 
yoo 3 L400 33 33 33 26 
2 1 2 2 1 2 
5 3 1 7 7 7 6 
1 L 700 700 TOO 700 
3 n 15 4 4 4 4 
1 
2 Bie] eg [a fe é 
5 1 1 7 5 5 4 
ii ele |e |e {2 2 
2 
16 ab 3 ] 12 12 10 10 
49 re a 2 24 24 
50 3 32 28 
51 8 24 24 24 16 
52 1 2 21 al 14 
TOTAL 
Average Cost Per 
Package ($) 2737 2652 2151 
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Table 13 (Continues) 


MATERIAL AND LABOR COSTS BY ITEM FOR CGNIRCL PACKAGES 


ACTUAL MATERIAL AND LABOR - 1959 MATERIAL AND LABOR COSTS - 1962% 
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Table 16 


MATERTAT, AND LABOR COSTS BY ITEM FOR AUXDLIARY-POWER PACKAGES 
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z Tetle 37 
i | UNIT COST DIFFERENTIAIS FOR AUXIGIARY-POWER-PACKAGE [TEMS 


(See Tazte 36) 


Shis cost reduction is besed on cost date furaiahed 
by @ different engine generator manufacturer. 
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Qne-Off Iten Cost 
(usterial/labor) 
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or actual c 
(modified as required) is 
for couparisoa with 1962 prices, 


« I 
‘The increase in labor cost is due to wage increases. 


its cost in 1959. 


in 1962 item cost based oa its cost in 1959. 


in 1962 item cost over 
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Table 18 


1962 SUMMARY COSTS FOX AUXILIARY POWER PACKAGES 


(Table Cgntinues ) 
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Table 18 (Contimea) 
1362 SUMMARY COSTS FOR AUXILIARY-POWER PACKACES 
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Table 20 


UNIT COST DIFFERENTIALS FOR FIRE-PROTECTICN-PACKAGE TTEIS 
Er (See Table 19) 


thes One-Off Item Cost 
[oa (Material /letor) 


Net Unit Cost | differentials when original wit cost quoted 
he a ie Differential* in Ref. 1 and/or actual contractor cost 
1 qt Marsiibe vay | Estimate 1962 (Mat. /Labor) (modified as required) is used as a basis 
Ror. 


I" contractor an int. 1 [From Table 19 for comparison with 1962 prices, 


*A plus nerk indicates an ineresse in 1962 item cost over its cost in 1959. 
A minas ‘mark| indicates @ decrease in 1962 itcu cost based ca its cost in 1959. 


! Table 2] 
| | 1962 SUMMARY COSTS FOR FIRE-PROTECTION PACKAGE 


{ senataueo aTaeL) 
*qaodar S1Q} JO [T*h 398 PHySTL 84502 oqET pe TeTteyeU TOGT DUB SCET JO UoTSSNOTEp peTreyep Tog ~oosTSTsIy UBS CT Saperz 
SrEpT me 05 sIMpeTs= ZOGT JOgeT Jo quamgredeq “sh 274 Uo peseq axe sajur ATImOY 2O6T BNL + roqerqzuoD Tezaus9 a7 Aq paqztodar sqysoo Tenqoe no 
Spusqaeao “AOqeT ‘TeTieqmuim-sys0s JUpMyIeMUEN TTY sepnyouy waz} peonpord-ssem ¥ IOZ 74s09 Tepioqwy oy, ‘oospouerg ueg -g-O°d are #4809 Tarraqay, 
SSO Ny Daystar Ome Saye oh Cer renes STq% Jo Bapimeq poe wopymavaxy "SyTs JO STA T UPMTA 9905 YouA STANT Pese ST TepteqwE smasy xs 


wpref 3Tqn® 9c OF Pen aoUeIyUs pus zeytaqs 
Teabs TLpsAoG peysedmp aTsbq-suoTywpUMOS ascge 
d-{ DOT{Ieg eer Q 03 dn BTCA} 

WI-v *3Ts TITPPeq paqsedmng 


sanbyrq33 
nos desqs,, qQtA psqoed 
“WD? 2 09 BEABA ITQND woTPEMITICOD 
D6y «*spret arqns #62 jo pmor-asoqy 
ROT Qc RCmMOT ahy suTqzed Pen Souetqia DUE Jaz Taqs 
UsTeA;NOe Oo puBy aumnssy ISBQ-sStOTQwRT asoge | 
| Wow sLOy {eg 3803 g O9-dn amrTIA} 


°2909 TWQUGI Oo WTISZFRIOEe supySEE Zeer UsoYs s4909 TETIeIWI x 
C / aa 0S /60kbyS/S2é | ASek 
ieee | 
\ | ere 
| 
WI-¥ *3Ta a Trlsxo8g peqoeing t 
© = Dayrag-Teag 
* i (peaqimng sorery 
‘ “ ~ta qroyyTh) ayapaso 
w eqns scuer3ce (Jupserc 
F qmouyyA) STTRApTS 
ws Sure} ‘uaxt ITseq sapnTaut 
066 0S6 £} O00t/ Wet/, Sect/o Sere | ace S$ om TaFUA LOTZIAIS Tass tT 


ue 
coTIBMIyT 70D 
! : UOTIRABIKS YLRY DUR 
=e epee /SOLBET/TLSEST/ nso) fan goceiqta ‘zaytuqs z 
por [ot | ae | =P | mae / ait) aa a 
z $y vereorrar| “TS 3900 370 Seer . roy 
corisaand cr Apan rar 3209| RT| TOqeT Pow TePTawH ae 55D Ok SuNOTs BRINN LOTsdTNISaG Sony 
296C - SiSoO HOdVI aNy TviusDET | {OS6C ~ HOaVT “NY TyIusIvs Tnzv! 


| : | SHOW MOLIVILVESNI YOI WLI Ad SL90O BOSVI any IWIMSLYN 
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‘| MANUFACTURER 


compacted packfi11 
(Volum up to 8 feet’ 
above foundations- 
basic sheiter and 

| oubxense WAY. 


7 Non-cannacted backfs n . 


Above ground contig 


18 (aon beagaated packf 1. 


Semi-Buried config 
ations 


Non-coupacted backfil 


Buried Sonfiguestion 


10. { Select packrtil unde: 
fuel ang water tanks 


Arch ani endwall | 
mastic joint seal 


complete- one lot 


'| General Contracto y 


General Contractor 


Table 22 (Continued) 
MATERIAL AND LABOR COSTS BY ITEM FOR INSTALLATION PACKAGES 


FIGURE NO, 


Fig. A-137 
Section C-C : 
Compacted backf111 
ecuai to 206 cu.ya 


Pig. a-1}7 
Section A-A 
133 cubic yards *# 


Fig. A-1@M 
Section B-5 
380 cubic yards 


Section C-C 
652 cubic yards 


A-17)t 


4 qanic yards of san 
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Table 23 (Contimed) 


UNIT COST DIFFERENTIAIS FOR INSTALL [0N-PACKAGE ITEMS 
(See Table 22) 


Remarks relating to one-cff item cost 


Cost differential with respect to that listed in 
Ref. 1 18 
to 


wage increases. 


Table 25 


MATERIAL. AND LABOR COSTS BY ITEM FCR ELECTRICAL PACKAGES 


uM | ACTUAL MATERIAL AND LABOR - 1959% 
1 


No. Z oe 7 


2 1 Slectrical system Zor 
| |. arrangement "A" hotel 

. package | 
me Lot 


Graybar Electric 
Sans Francisco, Calif. 


-" ‘val’ breaker panel 
completely fastelled , 


5 | 6 ekt breaker panel | 
“s. | ccuptately installed — 


| z 3 
3/23 alice 
[ | e770 30/70 ie 
| 


Service eouipment cs " Yi/¥s+ }36/2% | 3/14 | 13/22 
‘ required for power S.F.Calif.{for 
! _packag? p-1 or p-2 conduit and wire) 
Gie Lot, | Meyers Savety Sw.Co. 
Pr wy, S.F.Calif.(for 
: . . | safety switch 
*' This contractor cost includes the cost for electrical package items 3, 5, 6, 10, and 14 as listed in this schedule. 


. “yetertel costs axe F.0.B. Sen Francisco. The material cost for a mss-produced item includes all manufacturing costs--material, labor, overhesd 
profit, ete. Labcr casts have not been extered for items thet co not require installaticn labor or whose installation labor has been ine’ 
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Table 26 


| PERGEW RAGE COMERIBURTONS GF PACKAGES TO AVERAGE ONE-OFF 
SHELMER COST FOR FOUR PACKAGE COMBINATIONS 


; my | 
Minimn (Least austere) 10-psi Shelter Minimum (Least fustere) 35-nsi Shelter 
fverage One-Orr Cost = $14248 Average Cne-OFf Cost = 436207 


‘Percent of fivg. 


Pexcent or Avge 
_One-C£T Cost 


One-Orf Cost 


41.13 
10.20 


piprobp 
BRREGED 


i, ; 
ones 
Minizun (Most Austere) 10-ysi Shelter Minimum (Most Austere) 35-psi Shelter 


Average Oue-0ff Cost = $8461 Average One-Off Cost = $19902 


| Percent of Avg. 
__ One-Off Cost 
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2 Maway 


"relative t hilis and amount of canbustibles. 


(a The optiaun internal pressuring of the shelter r to ensure ninimum 
ingress al or pea aa the shelter is exposed to outside winds of 
is Coaoranaa 


eae la The durati.m that chemical and biological agents will persist, 


The, cesearch regarding the filter's required capacity 
‘or|this air-cleani:g problen is necessary. Currently Geman research is 
Based on She sseup-ton that these war gases wil persist for approximately 
The 
te 


The design of the sbelter air inlet. Results o: the Camp Parks 
Le tc 


‘Research must detern:ne f for the designer the correlation between bl iings 
in the proposed shelter location ani‘the possible rubble beight. 


"D3, PROPOSED simian AGR-iaeme Sromm 
_ | She most satisfactory aiz-hendLing-aysten for mivimoum cost will no 


: above. This system will then ‘operateaa follows: 
~ : kt the time oi detouxticn, the shelter will have been me:mally 
a es su camicaliy Closed off from “he exterior by means of blast shields. 


The system will not be used when the outside air is above 000°F, 
extetet of vee, pies iethal ec concentrations of carbon monoxide or 


ei ® radiological, 
a aon. Shemical, or biological hazard to the shelterees; it will bave an air valv> 
sae for'bypessing the filter when these threats diseppear. 


: Wosn.an airborne-activity hazard exiats, the shelter air supply 
Tparbning eenbitiens “Kinde and passed through the fitter. Under this 
5 


or boiogicel 
minimum cost. 


over the past 15 years a st £ 
filter for crenical, bjglogical, ax radi ological-warfs agents 
also as an air cooler. 
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| 
k CG, Army Hateriel Command (AMCRD-DE-N) 1 Division tagineer, Army mgineer z Dyas on, New Englsend 
1 OG, Ballistic Research Laboratories x Division Exgineer, Army Enginzer Divisicn, North Atlantis 
oi OG, USA CBR Agency 1 District Engineer, arty Engireer Dis strict, Baltimore 
eG President, Chemical Corps Soart ae District Engineer, Aray Engizeer District, Hastern Oces 
3 20, Bu Laboratories 1 District Engineer, army Engineer 0st: New York 
gd XC, Chezical Corps Training Command 1 District Engineer, Army Engineer District, Norfclk 
ae Zameandant, Chemical Corps Schools (Library) 1 District Engineer, Army Mngineer Distr riety Philadelphia 
val | 2G, CBR Combat Sevelopments Agency i Division Ingineer, army Mgineer Division, North Central 
zt he 20, Chemical desearch and Development Laboratories z District Ingineer, army Engineer District, Buffalo 
(re vomander, Chemical Corps Nuclear Defense Laboratory ps District Sngineer, Army Engineer District, Chicago 
1! . Hay Army Ervirowsentel tygiene Agency a District Engineer, army Engineer District, Betro: 
1 ‘XG, Aberdeen Proving Ground Z District Engineer, Ar=y Engineer District, Rock Island 
2. ' "20, Avay Medical Research Laboratory 2 District Engineer, Arty Migineer District, St. Paul 
aes | Directors snlter Qceed Amy Nedical Center z District Ingineer, Army Engineer [istrict, iake Survey 
2: Hq.» Army Nuclear Medicine Zesearch Getach., Burope = Diwisien Engineer, drm Engineer Division, North Pacil. 
ee (G, Combat Developments Command (CDCHR-Y) i District Engineer, Army Mnginee> Districz, Aleska 
op UG, Quartesmaster Res. and Png. Command 2 District Engineer, army Engineer Distric:, Portland 
; a » Bresiient, Quartermaster Hoard, Fort Lee 2 Cistrict Engineer, Army Engineer District, Seattle 
ho. ' Commandant, Army Artillery <D Agency aL District Rngineer, arzy Engineer bistri Walle Walla 
“Lh, fq., Jugwey Proving Ground pe Division Engincer, army Engineer Divisicn, Ohio Rive 
Be The Surgeon Gensral (HEDNE) 1 District Ingineer, Army Engineer District, Huntington 
‘iy CO! A-my Signal Res. end Dev. Laboratory Ll District Engineer, Army Engineer District, Louisville 
es CG, Acmy Electronic Proving Ground i District Engineer, army Engineer Distri Nashvilie 
1 G, Engineer Res, and Dev. Laboratory L District Engineer, Army Engineer Distri Pittsburg 
be, G, Army Engineer Center, Fort &lvoir iL: Division Engineer, Azmy Ingimear Divisicn, Pacific Qceai 
1 A Commandant, Army Engineer School, Fort Belvoiz L District Engineer, Army Engineer District, Far Ha-ct 
panera Mrect Office of Special Weapons Develogment 1 District Engineer, Acmy Engineer District, Honclul 
L! Director, Waterways Experiment Station 1 District Engi-eer, Army Engineer District, Cicinawa 
rane © C3, Mobility Command 1 Division Engineer, Army Engineer Division, South Atlant. 
1! . CO, Ordnance Materials Research Cffice, Watertown 1 District Engineer, Army Engineer District, Charleston 
1) tia 3, Munitions Command 1 District Engineer, army Enginver Distrist, Jacksonville 
ai, ets lt Commandant, Command and General Staff College 1 Tistrict Engineer, Aru Engireer District, Mobile 
a . C3, Arnage Training Center, Engineer, Fort Leonard wood 2 Listrict Engineer, arsy Engineer District, Savanrah 
x Commandant, army War Colle ege af District Engineer, army Engineer District, Wilmington 
1: Bg Cz [Ballistic Missile Constrecvion Office 1 Division Engineer, Army Engineer Division, South Pacific 
1) CS, , Mitdtary Construction Scnply Agency 1 District Engineer, Army Engineer District, Los Angeles 
; a Div jision Zngineer, Army Engineer Div., Lower Mississippi Valley 1 District Eegimeer, army Engineer District, Sacramento 
ee District Engineer, Army Engincer Distra t, HKemphis ti District Engineer, Aray Mnginzer District, San Francisce 
le District Engineer, Anay Engineer District, New Orleans 1 Division Engineer, Army Enginesr Divinion, Southwestern 
u Tkistrict Engineer, Army Engineer District, St. Lou I District Engineer, Army Engineer istrict, Albuquerque 
1) District Engineer, Aruy Sngineer District, Vickshirs 1 Disirict Engineer, Aray Engineer District, Fort worth 
Zi; Division. Bagineer, Army Engineer Division, Mediterranean z Distric:. Engineer, Army Engineer Districi, Celveston 
| District Engineer, Aray Engineer Distri Guir 1 istrict Engineer, Army Engineer Listrict, Little Zoct 
i Division Engineer, Aray Engineer Division, Missourt River 1 District ingineer, Aray Engineer District, Tulsa 
1 Dscrict Engineer, Arny Engineer District, Kensas ¥y ay CG, Army Air Defense Command (Engineer) 
2 Is Sie , Aruy Engineer District, Omaha 1 OG, Continental Army Command, Fort Honor (Engineer) 
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